Differential effects of zinc on glutamatergic and GABAergic neurotransmitter systems in the hippocampus.
Approximately 10% of total zinc in the brain exists in synaptic vesicles of glutamatergic neurons; however, the function of vesicular zinc is poorly understood. The presynaptic action of zinc against excitatory and inhibitory neurotransmission was studied in rat hippocampus using in vivo microdialysis. When the hippocampal CA3 region was perfused with 10-300 microM ZnCl(2), the level of glutamate in the perfusate was decreased, whereas the level of gamma-aminobutyric acid (GABA) was increased. Chelation of endogenous zinc with CaEDTA increased the glutamate level in the perfusate but decreased the GABA level, suggesting that zinc released into the synaptic cleft acts differentially on glutamatergic and GABAergic neurons in the CA3 region. The increase of GABA level by zinc was antagonized by 2,3-dioxo-6-nitro-1,2.3,4-tetrahydrobenzo(f)quinoxaline-7-sulphonamide (NBQX), an antagonist of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA)/kainate receptors, but not affected by MK801, an antagonist of N-methyl-D-aspartate (NMDA) receptors, and verapamil, a blocker of voltage-dependent calcium channels. The present study suggests that zinc enhances GABA release via potentiation of AMPA/kainate receptors in the CA3 region, followed by a decrease in presynaptic glutamate release in the same region. Zinc seems to be an inhibitory neuromodulator of glutamate release.